Isolation and characterization of uricine from uric acid stones  by Pinto, Bernardo et al.
Kidney International, Vol. 10 (1976), p. 437—443
Isolation and characterization of uricine from uric acid stones
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Isolation and characterization of uricine from uric acid stones.
Uricine was found to be present in all uric acid stones tested,
although another physicochemically related pigment was occasion-
ally present. Uricine is of low molecular weight (282), and a
preliminary analysis of its structure suggests that it is formed by
two pyrrolic rings. It is a yellow pigment whose color is pH-
dependent, shifting from reddish-yellow to green at pH 1.0. It is
water soluble, but its solubility increases in alkaline solutions.
Preliminary evidence suggests that uricine is related metabolically
to bilirubin-like compounds.
Isolement et caractérisation de I'uricine a partir de calculs d'acide
urique. L'uricine a été trouvé dans tous les calculs d'acide urique
examines bien que Ia presence d'un autre pigment voisin du point
de vue physico-chimiuue n'ait CtC qu'inconstamment observCe.
L'uricine a un poids molCculaire faible (282) et l'analyse struc-
turale préliminaire suggère qu'il est formé de deux cycles pyrrol.
L'uricine est un pigment jaune dont Ia couleur depend du pH, dIe
passe du jaune rouge au vert a pH 1.0. L'uricine est soluble dans
l'eau, mais sa solubilité augmente dans les solutions alcalines. Les
constatations préliminaires suggCrent que l'uricine est reliée, du
point de vue métabolique, a des composes semblades a Ia biliru-
bine.
The reddish-yellow color of uric acid calculi is
inconsistent with the white color of pure uric acid.
Recent reports have described a pigment, or pig-
ments, responsible for the color of uric acid stones [1-
5], and because of its affinity for uric acid, the pig-
ment has been named "uricine" [4-5]. Uricine ap-
pears to be a small molecule, the color of which
changes from reddish-yellow to yellowish-green, de-
pendent upon the pH of the solution [2-3].
The study and characterization of uricine has pos-
sible clinical implications since it is known to interact
with uric acid, thus favoring uric acid precipitation
[5]. The urinary excretion of uricine has also been
said to be increased in a group of uric acid stone-
formers, and the potential capacity of uricine to be
bound by uric acid has been found to be increased in
all of the uric acid stone-forming patients thus far
investigated [5].
The present report describes the chemical pro-
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cedure for the isolation of uricine from uric acid
stones and its physicochemical characterization. An
intensely red pigment was also detected in some uric
acid bladder stones and subsequently characterized.
Methods
Isolation procedure. The isolation of uricine from
uric acid stones required five steps: 1) alkaline extrac-
tion, 2) acidification, 3) ion exchange chromatogra-
phy, 4) HCI extraction and 5) removal of NaCI.
Alkaline extraction was accomplished by stirring 200
g of powdered uric acid stones with 7 liters of 2M
NaOH for 48 hr at room temperature and then cen-
trifuging at 2000 X g for 15 mm. The sediment was
reextracted with 2 liters of 2M NaOH for 48 hr more
and centrifuged in the same manner. The reddish-
yellow extract was acidified to pH 1 with concen-
trated HC1 and allowed to stand at room temper-
ature. After 24 hr at pH 1, the color had changed to
yellowish-green. Next, evaporation was carried out at
60°C under low pressure. To avoid precipitation of
the pigment, the evaporation procedure was per-
formed on 200-mi batches. Each batch was reduced
to one-half its volume and filtered through cotton
wool to remove the white precipitate (NaCI). Fil-
trates from the different batches were pooled together
and the evaporation was repeated again until the
extract amounted to about 500 ml. Then, it was ap-
plied to a 44 X 3.5-cm Dowex-50 column that had
been equilibrated with 10 liters of 10 mrvi HC1. The
column containing the sample was washed with
10mM HC1 until the 290-nm uric acid absorption
peak was negligible. The elution began with a 2M HC1
solution, and lO-ml fractions were collected at 1
mi/mm. The eluent was changed to 0.1M NaOH
when the 290-nm absorption was zero. The elution
profile of the pigment was monitored either by the
240-nm absorption or by fluorescence emission at 420
nm (excitation wave-length set at 310 nm) (Fig. 1).
The fractions corresponding to the 240-nm absorp-
tion peak (uricine) were pooled and evaporated to
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Fig. 1. Typical profile of ion exchange chromatography from the
procedure of isolating uricine. Absorption at 290 (•) and 240 (0)
nm.
dryness in a flash evaporator. The red residue was
dissolved in the minimum volume of concentrated
NC!, which changed the color of the residue from red
to green. The green extract was then allowed to stand
at room temperature for 24 hr until a white precipi-
tate appeared on the bottom of the container. The
green supernatant was separated by centrifugation at
3000 X g for 30 mm and evaporated to dryness in a
flash evaporator at 60°C, leaving a gelatinous prod-
uct which was dried for 60 mm at 90°C. The resultant
green-black particles were observed with polarized
light microscopy to be a mixture of dark green rhom-
bic prisms, amorphous material (green) and white
prisms of NaCI that were identified by x-ray diffrac-
tion analysis. The NaCI was removed from the pig-
ment by taking advantage of the different solubility
speed of uricine and NaCl in water. The NaCI-pig-
ment mixture was thoroughly washed with water and
filtered through Millipore filters (pores, 0.44 tm di-
ameter). The pigment dissolved in the water filtrate
was recovered by flash evaporation, the residue dis-
solved in concentrated HCI and the NaC! was then
removed as previously described. This process was
repeated until the x-ray diffraction pattern showed no
trace of NaC1.
Quantification of uricine. The amount of pigment
present in the different samples was determined by
comparing the fluorescence emission of the samples
with a standard curve. The excitation and emission
wave lengths were set at 310 and 420 nm, respectively.
Fluorescence measurements were made on 20- to 100-
tl aliquots from each alkalinized sample and added
to 3.5 ml of 0.1M NaOH. The blanks were made up
with 0.1M NaOH. With this technique the standard
curve was linear in the range of 0 to 10 tg of uricine.
Isolation of the intensely red pigment. Some in-
tensely red uric acid bladder stones had an additional
pigment that was eluted from the Dowex-50 column
with 2M HCI. The pigment in this eluent was obtained
by flash evaporation at 60° C. The contaminating uric
acid was eliminated by extracting the pigment with
concentrated HC1, then centrifuging at 3000 X g for
ten minutes. The extract was dried by flash evapora-
tion at 60°C. The pigment was reextracted as many
times as required until the 290-nm absorption was
negligible.
Physicochemical properties of uricine. These experi-
ments were performed with uricine, or the green pig-
ment, isolated by the previously described procedure:
1) Ultraviolet (UV)-visible spectra were performed by
dissolving 1 mg/ml of pigment in methanol at pH 1
and pH 12. 2) Infrared spectra—the 1 X 25-mm disks
were obtained by mixing 1 mg of pigment with 200
mg of potassium bromide. 3) Mass spectrography—
uricine was placed directly in the ionization source,
and the temperature was set at the ionization peak.
The spectra were performed, respectively, at 190 and
175°C, 70 e.v., 100 tamp, at a 2000 resolving power.
The data furnished by the spectrograph were ana-
lyzed with an OS-30 system, through a computer
(PDP 8/1) connected to the spectrograph. Per-
fluorokerosene was used as the standard. 4) Nuclear
magnetic resonance spectrography was performed
with a 10% pigment solution in alkaline heavy water
(pH 12) and using tetramethyl xylane as the external
standard. 5) Fluorescence spectra were obtained by
dissolving 1 sg of pigment in either concentrated
H2S04 or 0.1M NaOH. 6) Melting point—assays were
run utilizing standard procedures. 7) X-ray diffrac-
tion analyses were performed by the powder-crystal
procedure of exposing a 1-mg sample for five hours in
Lindermann capillary tubing, 0.3 mm diameter, to
either a copper lamp with a nickel filter or a 1-Ka
copper lamp as radiation source. 8) Elect rophoretic
migration was determined by placing 40-tg samples
on Whatman No. 3 paper strips and running them at
200 v for three hours in 0.015 t HCI-KCI buffer (pH,
1 to 2) and Michaelis barbital buffer (pH, 3 to 9). The
position of the pigment was shown by fluorescence
under UV light. 9) Descending paper chromatography
was performed by spotting 40 ig of pigment on
Whatman No. 1 paper and developing it at 24°C in
ethanol:ammonia:water (80:4:16). For the Rf calcu-
lations the uricine position was located by fluores-
cence emission. 10) Elementary chemical analysis—
the carbon-hydrogen analysis was carried out follow-
ing the method of Pregl [6]. The pigment was corn-
busted in a pure oxygen stream at 900 to 1000° C. The
hydrogen was determined gravimetrically as water
and the carbon titrated coulometrically as CO2. The
nitrogen was determined according to the procedure
of Monar [7]. The oxygen was quantified by the
procedure of Unterzaucher [8], by pyrolysis at
1.6
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1000°C under contact coal followed by coulometric
determination of the CO2. The inorganic phos-
phorous was determined by the method of Fiske and
Subbarow [9]. Calcium, magnesium and iron were
determined by atomic absorption spectro-
photometry. 11) Solubility—minimum amounts of
distilled water, 0.1M NaOH, concentrated HCI, 10
mM HC1, methanol, benzene and/or chloroform were
added to 1-mg samples of pigment.
Origin of uricine. Attempts to establish the possible
origin of uricine were carried out as follows: 1)
Pieces of human kidney of 1.5 g from nephrectomy
specimens (histologically normal) were homoge-
nized (Afora homogenizer, Barcelona) in 10 ml of 10
m phosphate buffer (pH, 7.5) and incubated at
37°C for one hour in the presence of 20 mg of
bilirubin. In blanks bilirubin was left out. Alterna-
tively, incubations were performed without kidney
material or with kidney material that was boiled at
100°C for ten minutes. The reaction was stopped by
freezing (—20°C). Then, the frozen incubation mix-
ture was thawed and extracted with 30 ml of meth-
anol. The precipitate was separated by centrifugation
and the supernatant evaporated to dryness at 40°C
under low pressure in a flash evaporator. The residue
was extracted with 1 ml of methanol and run on thin-
layer chromatography (silica gel G-water, 1:2) in the
system methanol-formic acid 90%-water (160:30:10).
Standards of bilirubin and uricine were also run. The
position of the spots was determined by fluorescence
under UV light. Spots corresponding to the uricine
(Rf, 0.85) and bilirubin (Rf, 0) positions were scraped
off and extracted with methanol. These extracts were
evaporated to dryness as described above and the
material was analyzed by using UV-visible, fluores-
cence, infrared and mass spectra, as previously de-
scribed.
Fig. 2. Ultraviolet-visible spectrum of uricine in alkaline (•) and acid
(0). Pigment (I mg/mi) was dissolved in methanol at pH 12 and 1.
2) The homogenized kidney material was similarly
incubated, without bilirubin, in the presence of 2 mg
or uric acid, containing 106 cpm of 14C-uric acid. The
rest of the reaction was carried out as described
above. Uric acid and uricine were isolated from the
methanolic-dried extract residue with 10 ml of 2M
NaOH; then, the "isolation procedure" was carried
out as previously described. Radioactivity in samples
was counted in PPO(0.2% )-POPOP(0.02% )-dioxan
solution.
In other incubation mixtures, the kidney material
was replaced by 10 ml of urine from either normal
subjects or recurrent uric acid stone formers. Reac-
tion and isolation were performed as above de-
scribed, but scaling down the "isolation procedure"
proportionally to the referred amount.
3) Fifty-gram aliquots of synthetic uric acid were
submitted to the uricine isolation procedure to show
that uricine and the intensely red pigment were not
artifacts derived from the alkaline decomposition of
the uric acid. Similarly, 200-mg bilirubin aliquots
were run through the same procedure to show that
Table 1. Typical isolation procedure
Amount of uricine
Vo1ume
ml
Relative Absolute
mg/mi mg
Yieldb
%
Alkaline extract°
Acidification (pH)'
Concentratione
Ionexchange
chromatographye
HCI
Sodium chloride
elimination"
9,000
10,673
487
890
150
—
0.116 1,044.0
0.095 1,013.9
1.739 846.8
0.722 642.5
3.402 510.3
— 362.0
100.0
97.11
81.1!
61.54
48.87
34.67
d
2.8
2.4
2.0
1.6
1.2
.8
.4
0 240 320 400 480
Wavelength, nm
40
20
Volume in each isolation step.
b Recovery. The amount of uricine in the alkaline extract was
designated 100%.
Uricine was determined by fluorescence emission as described
in Methods.
"In the last step, determination was performed by weight.
C0
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E
C
I-
Wave—number, cm1
Fig. 3. Infrared spectrum of uricine. A 1/200-pigment/potassium
bromide mixture.
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Fig. 4. Mass spectrum of uricine. Temperature, 190 and 175°C; 70
e.v.; 100 Lamp and 2,000 resolving power.
uricine did not come from bilirubin through an
artifact occurring during the different steps of the
uricine isolation procedure.
Uricine content in renal stones. Seventy-three uric
acid stones and 20 oxalate and phosphate stones were
analyzed for their uricine content.
From each stone 25 mg of powdered material was
extracted with 10 ml of 2M NaOH. Uricine quan-
tification was carried out as previously described.
Apparatus and general reagents. Spectrophoto-
metric readings in the UV-visible range were per-
formed using 1-cm light-path cuvettes and a spec-
trophotometer (Hitachi-Perkin Elmer, model 139).
Fluorescence emission was determined on a spectro-
fluorometer (Hitachi-Perkin Elmer, model 203). In-
frared spectra were taken on an infrared spectro-
photometer (Perkin Elmer, model 700 or 377). Mass
spectrographs were obtained on Hitachi-Perkin El-
mer, model Rm-50, and also on Associate Electrical
Industries, MS 902 S, devices. Nuclear magnetic
100
90
80
70
60 c0
50
40
.030 <
20
10
0
specta were performed on an Hitachi-Perkin Elmer,
model R-24, apparatus. Melting points were deter-
mined, respectively, on BUchi and Köfler devices.
Chromatography fractions were collected by means
of a Shandon MBI fraction cutter. X-ray diffraction
diagrams were obtained with a 114-mm Debye-Scher-
rer camera and Kodivex film. Cation determinations
were performed on Perkin Elmer atomic absorption
spectrophotometers, models 103 and 360, with lan-
thanum chloride used for the calcium determinations.
Electrophoresis runs were carried out on an Atom-
500 apparatus. Paper chromatography was run on
Panglass-500 tanks. Thin-layer chromatography was
carried out on an Atom device. Fluorescence on pa-
per was obtained by using an Uvatom-70 UV lamp.
Radioactivity was counted in a liquid scintillation
counter (Nuclear Chicago, type Isocap-300).
PPO(2,5-diphenyloxazole), POPOP(1,4 bis(2-(5-
phenyloxazolyl)benzene) and '4C-2-uric acid, specific
activity 50 mCi/mmole, were bought from the Radio-
chemical Centre Amersham, England. The remainder
of the reagents were of the highest purity com-
mercially available.
Results
All experiments were repeated at least three times.
isolation procedure. About 300 to 500 mg of pig-
ment may be obtained by using the procedure pre-
viously described, with an average yield of 22 to 51%
(Table 1). Uricine was detected in all of the uric acid
stones analyzed, whereas the intensely red pigment
was found in only some of the uric acid bladder
stones.
Physicochemical properties. Uricine had a major
peak at 240 nm in the UV-visible spectra and two
minor peaks at 520 and 650 nm, depending on the
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Fig. 5. Nuclear magnetic resonance spectrum of uricine. An alkaline,
10% (pH 12) pigment solution in heavy water.
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Fig. 6. Fluorescence spectrum of uricine. Excitation 310 nm, in
sulfuric acid (•) and 0.IM sodium hydroxide (0), 0.3 /Lg/ml pig-
ment solution.
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alkaline (520 nm) or acid (650 nm) pH values of the
solutions (Fig. 2). The infrared spectra showed three
major bending bands at 3450, 1660 and 1090 cm-',
one stretching band (1260 cm-1) and one wag band
(795 cm) (Fig. 3). The mass spectrogram had sev-
eral peaks of which the 36 M/e was highest. How-
ever, the height depended on the drying and washing
processes in the last step of the isolation procedure.
The fragmentation pattern of the uricine is defined by
the 282, 277, 265, 229, 207, 133, 104, 97, 84, 64, 48,
44, and 28 M/e peaks (Fig. 4). The nuclear magnetic
resonance spectra had two main groups of bands
corresponding to 1 to 3 and 7 to 8 P.P.M. (Fig. 5).
The other major bands were caused by heavy water.
The maximum emissions in the spectrum of uricine
were at 360 nm in acid solutions and at 420 nm in
alkaline solutions. The excitation peak appeared at
310 nm (Fig. 6). The x-ray diffraction pattern had
several distinct lines, of which the most intensive had
d and 20 values (Bragg's equation) of 23.12 and
3.847, respectively. The x-ray diffraction pattern and
data are shown in Fig. 7 and in Table 2.
No melting point for uricine was detected; it de-
composed before reaching 380°C. The maximum
electrophoretic mobility was at pH 5.5. Uricine had
two isoelectric points, one at pH 9.5 and one at pH
2.2 (Fig. 8). No migration was found on paper chro-
matography in the system of ethanol:ammonia:water
(80:4:16). Uricine was more soluble in alkaline solu-
tions than in neutral or acid solutions, the greatest
solubility being obtained at pH 12 (102 mg/ml). It
was also more soluble in methanol than in water and
was almost insoluble in benzene and chloroform.
Uricine was more soluble in concentrated HC1 than
in dilute acid solutions (Table 3).
The elementary microchemical analysis showed
that uricine consisted of 55.85% carbon, 10.14% ni-
trogen, 23.16% oxygen and 5.78% hydrogen. The mo-
lecular weight was 282, as shown by mass spectrog-
raphy, and the proposed elementary composition
was C13N204H17 (Table 4).
There were significant physicochemical differences
between the intensely red pigment and uricine. The
red pigment had a lower molecular weight and higher
Fig. 7. X-ray diffraction pattern of uricine.
Table 2. X-ray diffraction data
Diffraction angle2 Lattice distancedA IntensityI
13.00 6.810 SSW
15.09 5.870 M
17.06 5.198 W
20.96 4.208 WW
23.12 3.847 SSS
34.28 2.616 MS
a s = strong, W = weak and M = medium.
water solubility, and its color did not change to green
when the solution was acidified (Table 5).
Uricine origin. Uricine was not present in the blank
incubation mixtures. Pigment material with the same
physicochemical properties as uricine was isolated
from kidney mixtures incubated with bilirubin. No
uricine was detected in boiled kidney incubation mix-
tures.
No radioactivity was found in uricine when either
the urine or the kidney material was incubated with
'4C-uric acid.
No uricine was detected when the uric acid from
chemical sources and/or the bilirubin were run
through the uricine isolation procedure.
Uricine in uric acid stones. Uricine has been found
to be present in all uric acid stones thus far analyzed.
The amount of uricine has varied from 0.02 to 27.38
mg/g of stone uric acid material. No uricine was
found in oxalate and phosphate stones.
Discussion
In this report we have described the isolation and
identification and some of the physicochemical prop-
erties of a new pigment, uricine, that was found in all
of the uric acid stones tested. Its presence may have
pathophysiological significance [5], and its physical
and chemical properties almost certainly explain the
hitherto unexplained typical color of these calculi.
o 1.0
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0.2
0.20
x 0.6
1.0
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1.4
+
1.4
3 4 5 6 7 8 9 10
pH
Fig. 8. Electrophoretic mobility of uricine. Samples of 40 Mg, pH
1—9; 200 v; 0.015 m.
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Table 3. Solubility of uricine
Maximum
solubility
Solvent mg/rn!
NaOH,0.lM 102.0
Methanol 15.6
Water 9.8
Concentrated HCI 3.7
HCI, 10mM 0.8
Chloroform 0.1
Benzene 0
From the chemical point of view, the compound
appears to have a dipyrrol structure, in which both
rings are possibly joined through a methyl bridge
[10]. It also has methyl and carboxyl groups. The
strong wag band at 795 cm-' on the infrared spec-
trum is quite suggestive of a 5-atom ring [10]. The
elemental composition clearly indicates the presence
of nitrogen. The wide bending band at 3450 cm1
suggests the presence of NH and OH groups. Fur-
thermore, the mass spectrogram with 28, 44, 64, 84,
97 and 133 M/e peaks provides further evidence of a
pyrrol structure [11, 12], The compound is also some-
what soluble in strong acids, and decomposes on
heating before it melts [13]. The existence of two
pyrrol rings is suggested further by the fluorescence
emission [13] and by the presence of two nitrogen
atoms per molecule. Nuclear magnetic resonance in-
dicates the presence of proton-interchangeable
methyl groups. Elemental analysis, together with the
strong acid bands on the infrared spectra suggests the
existence of two carboxyl groups. The color shift,
dependent upon changes in pH, agrees with the gen-
eral structure previously outlined.
In some of the uric acid bladder stones, the erratic
presence of other compounds with similar physical
properties but lower molecular weight may indicate
the occurrence of metabolic degradation. The highly
water-soluble red pigment, reported here and also
identified by Kleeberg [3], may be a degradation
product of uricine.
Uricine appears to be metabolically related to the
bilirubin group of compounds. The bilirubin-uricine
Table 4. Elementary composition of uricine°
% Experimental range, %
Carbon
Nitrogen
Oxygen
Hydrogen
Other components
55.85
10.14
23.16
5.78
5.07
52.75—61.21
7.95—10.28
21.37—27.00
5.79—5.83
0.26—9.72
Proposed elementary composition: C13N204H 17.
Table 5. Physical-chemical differences between un
intensely red pigment
cine and the
Method, Type of test Uricine
Intensely
red pigment
Molecular weight 282 105
Alkaline fluorescence 420 nma 400 nm
Visible absorption spectrum peak, 650 nm 475 nm
acid pH
Visible absorption spectrum peak, 520 nm 440 nm
alkaline pH
Water solubility Low High
a Excited at 310 nm, pH 12, 24 + 2°C.
transformation occurs in the presence of kidney tis-
sue. However, it could be that in such a transforma-
tion bilirubin is not the true substrate and that the
transformation reported herein could be a slow rate
type of reaction.
No uric acid-uricine transformation was found,
either chemically or biologically.
Acknowledgments
Dr. J. Rivera, Patronato Juan de la Cierva, Barce-
lona; Dr. S. Julia, Instituto Oulmico Sarriá, Barce-
lona; Dr. J. Traverias, Departamento de Cristalo-
grafia, Universidad de Barcelona, Barcelona; Dr. F.
Solé-Balcells, head of this Division; and Dr. B. Fin-
layson, Department of Surgery, University of Flor-
ida, Gainesville, Florida, provided help and encour-
agement during this investigation.
Reprint requests to Dr. Bernardo Pinto, Laboratorio de Explor-
aciones Metabolicas, Aragbn 420, Barcelona-13, Spain.
References
I. PINTO B: Isolation and identification of a pink pigment from
the uric acid calculi. !srJMed Sci 90:30, 1973
2. PINTO B: Isolation of a red pigment from the uric acid calculi,
in A dvances in Experimental Medicine and Biology: Purine
Metabolism in Man, edited by SPERLING 0, Du VRIES A,
WYNGAARDEN JB, New York, Plenum Press, 1974, p. 541
3. KLEEBERG J: A hitherto undescribed pigment found in human
urinary uric acid stones. Experientia 30:455—456, 1974
4. PINTO B: Caracterizacion de Ia Uricina, in Actas de Ia Reunion
de Ia Sociedad EspoOola de Urologia, Noviembre, 1973. Mod-
erador: L. Cifuentes, Madrid
5. PINTO B: Isolation and identification of uricine and its effect on
uric acid precipitation, in Colloquium on Renal Lithiasis, edited
by FINLAYSON B, THOMAS WC JR, Gainesville, University of
Florida Press, in press
6. PREGL F: Die quantitative organische Mikroanalyse, Berlin,
Springer, 1917
7. MONAR I: Uber einfache, allgemein anwendbare Mikrometho-
den zur Bestimmung von Kohlenstoff-Wasserstoff, Stickstoff
und Sauerstoff und eine hierzu entwickelte, automatisch ges-
Isolation and characterization of uricine 443
teuerte Verbennungsapparatur. Mikrochim A cIa 208—250,
1965
8. UNTERZAUCHER F: Quantitative Organic Microanalysis, by
STEYERMARK A, New York, Blakiston, 1951, p. 185
9. Fisi C, SUBBAROWY: Clinical Laboratory Methods and Diag-
nosis by GRADWOHL RBH, edited by FRANKEL S, REITMAN S,
St. Louis, C. V. Mosby Co., 1963, p. 190
10. COLTHUP NB, DALY LH, WIBERLEY SE: Introduction to In-
frared and Raman Spectroscopy. New York, Academic Press
mc, 1964
11. ROBERTS JD, CASERIO MC: Modern Organic Chemistry. New
York, Benjamin Inc. 1967, p. 646
12. PORTER QN, BALDAS J: Mass Spectrometry of Heterocyclic
Compounds. New York, Wiley Interscience, 1971, p. 305
13. FALK JE: Porphyrins and Melalloporphyrins. Amsterdam, Else-
vier, 1964
